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Abstract:
Background and Aims: Orchids in Mexico are mainly threatened by deforestation, changes in land use, illegal trade, deficiencies in environmental policy 
and legislation, and a lack of community participation in the conservation of their forests. Erycina hyalinobulbon is an endemic twig epiphyte orchid with 
a short life cycle and with large flowers in relation to its size, for which it has been harvested from its wild populations. The objectives of this work were 
to evaluate the in vitro development of E. hyalinobulbon in culture media with organic supplements, to compare sucrose vs. N’Joy Stevia® as a carbon 
source for its initial stages of development, and to evaluate the development of its seedlings in media enriched with plant growth regulators (PGR).
Methods: For the sowing of seeds, PhytamaxTM and MS medium at 30% of its basal salts were used in combination with organic supplement (coconut 
milk, pineapple puree and banana puree), along with the Phy medium used as control. In order to measure the effect of sucrose vs. N´Joy Stevia® as a 
carbon source, these two treatments were used, with the PhytamaxTM medium. To evaluate the development of seedlings with PGR, three treatments 
were tested: the 100% PhytamaxTM control, 30% PhytamaxTM with 1.166 ml/l of Maxi-grow and the medium Chiu.
Key results: PhytamaxTM medium added with banana promoted germination by 9.3%, being a low cost and easy production option. Ninety days after 
sowing, N´Joy Stevia® as a carbon source promoted germination by 8%. The best development of the seedlings was registered in the medium PhytamaxTM 
without PGR.
Conclusions: With this study, it was possible to develop an accessible in vitro propagation system for E. hyalinobulbon, in order to sustainably manage it 
and favor its conservation.
Key words: culture media, endemic orchid, in vitro culture, organic supplements, twig epiphyte orchid. 
Resumen:
Antecedentes y Objetivos: Las orquídeas en México están amenazadas principalmente por deforestación, cambios de uso de suelo, comercio ilegal, 
carencias en la legislación y política ambiental y por una falta de participación de las comunidades para la conservación de sus bosques. Erycina hyalin-
obulbon es una orquídea endémica epífita de ramilla con un ciclo de vida corto y grandes flores en relación a su tamaño, por lo que ha sido extraída de 
sus poblaciones silvestres. Los objetivos de este trabajo fueron evaluar el desarrollo in vitro de E. hyalinobulbon en medios de cultivo con suplementos 
orgánicos, comparar la sacarosa vs. N´Joy Stevia® como fuente de carbono en sus primeras etapas de desarrollo y evaluar el desarrollo de sus plántulas 
con medios enriquecidos con reguladores de crecimiento vegetal (PGR).
Métodos: Para la siembra de semillas los medios de cultivo PhytamaxTM y MS, a 30% de sus sales basales, fueron utilizados con suplementos orgánicos 
(leche de coco, puré de piña y puré de plátano), utilizando el medio Phy como control. Para poder medir el efecto de la sacarosa vs. N´Joy Stevia®, se 
utilizaron estos dos tratamientos con el medio PhytamaxTM. Para evaluar el desarrollo de plántulas con PGR, se hicieron tres tratamientos: control de 
PhytamaxTM 100%, PhytamaxTM 30% con 1.166 ml/l de Maxi-grow y el medio Chiu.
Resultados clave: El medio PhytamaxTM adicionado con plátano promovió la germinación en 9.3%, siendo una opción de bajo costo y fácil producción. A 
los noventa días de efectuada la siembra, N´Joy Stevia® como fuente de carbono promovió la germinación con 8%. El mejor desarrollo de las plántulas se 
obtuvo en el medio PhytamaxTM sin PGR.
Conclusiones: Con este estudio se logró desarrollar un sistema de propagación in vitro de E. hyalinobulbon accesible para poder manejarla sustentable-
mente y favorecer su conservación.
Palabras clave: cultivo in vitro, medios de cultivo, orquídea endémica, orquídea epífita de ramilla, suplementos orgánicos.
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Introduction
Orchids have been used for their beauty in multiple ways; 
as ornamental plants they have acquired great importance 
and appreciation. For example, Taiwan exported in 2018, 
73,930,000 Phalaenopsis Blume hybrids seedlings world-
wide, generating 150,000,000 USD (AFA, 2019). 
Mexico has 1239 identified species of orchids (Gá-
mez-Montiel et al., 2016), which have an ornamental use, 
but have also been utilized to make glues, paste for reli-
gious figures, flavorings, and in traditional medicine (Hág-
sater et al., 2005). Orchids in Mexico are threatened, main-
ly due to deforestation and changes in land use (Menchaca 
and Moreno, 2011). In Mexico 16,575,924 hectares were 
deforested from 1976 to 2007, and in the state of Veracruz 
47% of the epiphytic orchid species were registered as ille-
gally traded (Flores-Palacios and Valencia-Díaz, 2007; Ros-
ete-Vergés et al., 2014). In addition, there are deficiencies 
in the environmental policy and legislation with legal loop-
holes and no surveillance of illegal collectors and sellers, as 
well as a lack of community participation for the conserva-
tion of their forests (Menchaca and Moreno, 2011).
In vitro propagation is a technique that allows to pro-
duce a large number of plants due to the implementation 
of culture media with the necessary nutrients to achieve 
germination percentages of 80 to 100%. These plants can 
be offered on the market to reduce the extraction pressure 
of individuals from wild populations (Ávila-Díaz et al., 2009; 
Menchaca et al., 2012). Diverse in vitro propagation proto-
cols of epiphytic orchids have been developed, being suc-
cessful the uses of Murashige & Skoog culture media (Mu-
rashige and Skoog, 1962) (MS) (Ávila-Díaz et al., 2009; Paul 
et al., 2019), Phytamax™ (Ruíz et al., 2008; Pérez-Decelis 
et al., 2016), and Knudson C (Acemi and Özen, 2019; Pyati, 
2019), among others, whether they are supplemented or 
not, and with plant growth promoters. The use of organ-
ic components can be a possible substitute for synthetic 
phytoregulators, lowering the costs to propagate orchids 
in vitro, as was the case of the MS medium supplemented 
with coconut water, which presented greater germination 
efficiency and the formation of seedlings in a Phalaenopsis 
hybrid (Salazar et al., 2013). Also, the usage of MS medi-
um with pineapple was efficient in the development and 
growth of Cattleya trianae Linden & Rchb. f. seedlings (Sala-
zar and Vega, 2017), or in the case of Epidendrum chioneum 
Lindl., Epidendrum nocturnum Jacq., Oncidium ornithorhyn-
chum Kunth (synonym of Oncidium pyramidale Lindl.) and 
Cyrtochilum revolutum (Lindl.) Dalström, the germination 
was benefited by 50% with MS culture medium enriched 
with banana pulp (Pérez-Martínez and Castañeda-Garzón, 
2016).
Relatively few studies have been done on the in vi-
tro propagation of twig epiphyte orchids (some include 
the species of the genus Erycina Lindl.), which can be dis-
tinguished from other epiphytes, because they are found 
on tree twigs and have short sexual maturity ages. Erycina 
crista-galli (Rchb. f.) N.H. Williams & M.W. Chase reaches 
sexual maturity in one year, either in situ (Mondragón et 
al., 2007) or ex situ (Chiu and Chang, 2018). One of the twig 
epiphyte orchids with several published studies is Compa-
rettia falcata Poepp. & Endl., which was successfully propa-
gated in modified Knudson C medium and symbiotic germi-
nation treatments with Rhizoctonia solani J.G. Kühn (Karol 
et al., 2014). Pedroza-Manrique et al. (2005) also evaluated 
the germination of C. falcata comparing the effects of 3-in-
doleacetic acid (IAA), 6-furfurylaminopurine (kinetin) and 
gibberellic acid (GA3), being the combination of kinetin and 
GA3 the one that produced a positive response for germina-
tion and seedling development.
Erycina hyalinobulbon (La Llave & Lex.) N.H. Williams 
& M.W. Chase is an endemic twig epiphyte orchid of Mexi-
co, distributed in the states of Nayarit, Jalisco, Michoacán, 
Mexico, Morelos, Guerrero and Oaxaca, with a relative-
ly short life cycle and large flowers in relation to its size, 
with one to three inflorescence(s) per pseudobulb, four to 
25 flowers, almost simultaneous, 5 to 10 mm in diameter, 
greenish-yellow dorsal sepal, greenish or yellow-greenish 
lateral sepals, and yellow lip (Jiménez et al., 1998) (Fig. 1A). 
The beauty of its flowers makes its extraction from its wild 
populations attractive in order to be sold as an ornamental 
plant. An investigation carried out by Sauno (2015) showed 
that E. hyalinobulbon grows optimally in media based on 
Phytamax™ 200% (50 gr/l) and Triple 20, added with BA, 
obtaining high percentages of viability and germination. 
Due to the high cost of culture media prepared with com-
mercial mineral salts (such as MS and Phytamax™) and 
phytoregulators (such as BA and GA3), the objective of this 
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work was to establish an efficient and low-cost in vitro ger-
mination protocol, with the hypothesis that culture media 
with organic supplements promote better germination and 
development of E. hyalinobulbon than conventional media.
The particular objectives of this work were: 1) Evalu-
ate the in vitro development of E. hyalinobulbon in culture 
media with organic supplements; 2) Compare sucrose vs. 
N´Joy Stevia® (stevia) as a carbon source for its initial stages 
Figure 1: Erycina hyalinobulbon (La Llave & Lex.) N.H. Williams & M.W. Chase individuals. A. flowering plant in the Vasco de Quiroga Biological Station, 
Toreo el Alto community, Michoacán, Mexico; B. fruiting plant in the same locality. Seed viability categories: C. seed; D. protocorm 1; E. protocorm 2; 
F. seedling 1; G. seedling 2 (Photos: José Tonatiuh Gutiérrez Zavala).
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of development; 3) Evaluate the development of seedlings 
with culture media added with Plant Growth Regulators 
(PGR).
It is considered that the results can be used to favor 
the conservation of E. hyalinobulbon, through the massive 
production of this orchid by the communities that have it 
in their forests, and thus avoid the extraction of its environ-
ment.
Materials and Methods
Establishment of in vitro culture
On June 2018, 15 capsules (Fig. 1B) of E. hyalinobulbon were 
collected from a population at the Vasco de Quiroga Biolog-
ical Station (EBVQ), that is under the auspices of the Facul-
ty of Biology of the Universidad Michoacana de San Nicolás 
de Hidalgo. The EBVQ is located at the “La Alberca” ranch 
in the town of Toreo Alto, northwest of the urban area of 
Uruapan, Michoacán, Mexico, at 19°29'26.3''N latitude and 
102°00'24.4''W longitude.
The seeds were disinfected in 15% liquid detergent 
for 5 min, 70% ethanol for 5 min, 3% hydrogen peroxide for 
5 min, 1.2% sodium hypochlorite for 5 min and rinsed with 
sterile distilled water (modified from Ávila-Díaz et al., 2009). 
The aseptic seeds were then transferred to culture media.
In vitro development of E. hyalinobulbon with or-
ganic supplements  
For the sowing of seeds, the medium PhytamaxTM Orchid 
Maintenance Medium without Charcoal (Phy) (SIGMA, St. 
Louis, Missouri, EUA) and MS medium (Murashige and 
Skoog, 1962) at 30% of its basal salts, added with 8 g bac-
teriological agar (BD Bioxon, Cuautitlán Izcalli, Mexico) and 
20 g sucrose, were used in combination with organic sup-
plements as shown in Table 1. The pineapple and banana 
were manually ground to puree, they were passed through 
a kitchen strainer to ensure that the paste was homoge-
neous; once the coconut was split, the endosperm was 
ground with the coconut water to create coconut milk. The 
organic supplements were added to each medium, the pH 
was adjusted to 5.7 with pH-indicator strips McolorpHastTM 
(1.09535.0001, Darmstadt, Germany) and they were ster-
ilized in an autoclave Kitlab (AE-22, USA) for 15 minutes at 
121 °C, 1.2 kg cm-2.
The observations were performed every month, with 
an optical microscope (MG-30PL, Cd. Mx., Mexico). The de-
velopment of 150 individuals per treatment was registered 
based on the following categories: seed, protocorm 1 (globu-
lar embryo within the seed coat), protocorm 2 (embryo leav-
ing 50% of the seed coat), seedling 1 (with one to two leaves) 
and seedling 2 (with three or more leaves) (Figs. 1C-G).
Effect of sucrose vs. stevia as a carbon source
Additionally, another Phy treatment was prepared at 30% 
of its basal salts added with 15 g bacteriological agar and 
20 g N’Joy Stevia® (ingredients: dextrose 96.5%, stevia 3.5% 
and natural flavoring) (PhyS) to evaluate the germination 
effectiveness. Each treatment consisted of six flasks, with 
20 ml medium covered with aluminum caps. All the cul-
tures were maintained under the same light conditions and 
ambient temperature, with a light intensity of 7.844 µmol 
m-2 s-1 and in a temperature range of 26.5 ± 3 °C.
In vitro seedling development of E. hyalinobul-
bon
To induce the development of seedlings, the following me-
dia were tested: medium Phy (100%) added with 20 g/l su-
crose, 8 g/l agar and a pH of 5.7, as a control (treatment 
Phyt). The second treatment was a Phy culture medium with 
30% of its basal salts, plus 1.166 ml/l of a commercial prod-
uct with Plant Growth Promoters (PGP) (Maxi-grow®) with 
20 g/l sucrose, 8 g/l agar and a pH of 5.7 (treatment Maxi). 
The third treatment was the culture medium described by 
Chiu and Chang (2018), but modified, which was named as 
subculture medium: 50% MS, supplemented with 0.5 mg/l 
niacin, 0.5 mg/l pyridoxine HCl, 0.1 mg/l thiamine HCl, 20 
mg/l glycine, 100 mg/l myo-inositol, 170 mg/l NaH2PO4, 1 
g/l activated carbon, 1 g/l peptone, 6 g/l potato infusion, 
150 ml/l coconut milk, 20 g/l sucrose and 8 g/l agar; the pH 
was adjusted to 5.2 (treatment Chiu). The shoots were sub-
cultured each 60 days. Measurements were carried out at 
the beginning of the experiment, and every 30 days there-
after. In all cases, the increment (∆) was calculated, with 
the difference of the final measurement minus the initial 
measurement. The parameters evaluated every 30 days 
were: number of leaves, size of two leaves (small and in-
termediate size), number of shoots, the size of two shoots 
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(small and intermediate size), the number of pseudobulbs, 
the length and width of a pseudobulb, the vigor (percent-
age of the green tissue without any symptoms of disease or 
dehydration in relation to the total seedling), the number 
of roots and the size of a root.
Statistical analysis
The data about in vitro development of E. hyalinobulbon 
with organic supplements and with reference to the effect 
of sucrose vs. stevia as a carbon source were analyzed using 
the program SAS version 8 (SAS Institute, 2008), applying 
a Pearson ChiSquare test. Subsequently, a correspondence 
analysis was performed. 
The data about in vitro seedling development of E. 
hyalinobulbon were analyzed using the program R version 
3.5.1 (R Core Team, 2018), applying the ANOVA and Tukey-
HSD tests with 95% significance.
Results
In vitro development of E. hyalinobulbon with or-
ganic supplements  
After 60 days, significant differences were observed in the 
development of E. hyalinobulbon between the different 
treatments (ChiSquare=43.725, DF=18, p=0.0006), noting 
that the PhyB treatment was the best to promote the de-
velopment of E. hyalinobulbon, with respect to the control. 
At 90 days after sowing, medium PhyB was the best 
for the development of E. hyalinobulbon (Fig. 2). Signifi-
cant differences were recorded in the development be-
tween the tested treatments (ChiSquare=63.696, DF=18, 
p=0.0001). The correspondence analysis showed that the 
only significantly different medium was PhyB with respect 
to the control. 
Effect of sucrose vs. stevia as a carbon source
The development of E. hyalinobulbon 90 days after the 
sowing in the different carbon sources, with sucrose and 
stevia, showed significant differences, with the ChiSquare 
test (ChiSquare=12.500, DF=3, p=0.0059) being higher with 
stevia (Table 2). At 120 days there were no significant differ-
ences between using sucrose or stevia as a carbon source.
In vitro seedling development of E. hyalinobulbon
Regarding the size of the roots, there were significant dif-
ferences in shoots rooting after 150 days, between Phyt 
vs. Chiu and Phyt vs. Maxi, being the Phyt medium the one 
Table 1: Culture media for sowing Erycina hyalinobulbon (La Llave & Lex.) N.H. Williams & M.W. Chase in combination with organic supplements
















85.4 g/l banana 
puree
Figure 2: Germination and development of Erycina hyalinobulbon 
(La Llave & Lex.) N.H. Williams & M.W. Chase in culture media with 
organic supplements 90 days after sowing; from left to right: Phy (30% 
PhytamaxTM), MSB (30% MS supplemented with banana), PhyB (30% 
PhytamaxTM supplemented with banana), MSP (30% MS supplemented 
with pineapple), PhyP (30% PhytamaxTM supplemented with pineapple), 
MSC (30% MS supplemented with coconut) and PhyC (30% PhytamaxTM 
supplemented with coconut).
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that promotes better root development. Between Chiu and 
Maxi media there were no significant differences (Fig. 3A). 
The number of leaves, number of shoots and size of shoots, 
150 days after sowing, compared with the Tukey test, show 
that there were no significant differences between the Phyt 
and Chiu media, while the comparison of the Maxi medium 
against the previous two shows that there were significant 
differences, the Phyt and Chiu media being better (Figs. 3B-
D). For the size of leaves and the number of roots, the Tukey 
test at 150 days after sowing showed significant differences 
between the Phyt and Maxi media, but not between Chiu 
vs. Phyt and Chiu vs. Maxi (Figs. 3E-F). Regarding the num-
ber of pseudobulbs and the length × width of the pseudob-
ulb, there were no significant differences. The graphs show 
negative numbers due to the fact that in some treatments 
the plants withered, and various healthy tissues and organs 
were severely affected. These values were exhibited when 
subtracting from the initial measurement to the final one.
Discussion
In vitro development of E. hyalinobulbon with or-
ganic supplements
In this study, the better percentage of germination (9.3%) 
was obtained in the Phytamax™ medium with 30% of its 
basal salts, added with banana puree as an organic supple-
ment, which represents a much lower cost in the acquisi-
tion of inputs and allows greater accessibility to reproduce 
this species. The addition of organic supplements to the 
culture media improves the development and lower pro-
duction costs of orchids (Moreno and Menchaca, 2007; 
Pakum et al., 2016; Salazar and Vega, 2017). In general, it 
has been reported that adding banana to the growing me-
dia improves the development of the plant and the roots 
(Azlan et al., 2016; Menezes et al., 2016; Wida and Hariyan-
to, 2019). It has been reported that banana pulp contains 
natural cytokinins, mineral, carbohydrate, amino acids, 
niacin, vitamins, fatty acids, cellulose, sterols and polyols, 
which are useful for the development of plantlets (Tamura, 
1970; Arditti, 2008). With respect to the results obtained by 
Sauno (2015), a 100% germination and viability is reported 
with the use of Phytamax™ containing 200% straight salts, 
added with 0.05 mg/l benzyladenine (BA). Sauno (2015) re-
ports at 45 days a 0% viability with the application of 200% 
Phytamax™ medium without the addition of BA. Compar-
ing this with our results, the decrease of up to 30% of the 
basal salts of Phytamax™ allows the individuals to remain 
viable and develop, since in the present study 10% of seed-
lings with two or more leaves and one or more roots were 
recorded at 120 days. Aguilar-Morales et al. (2016) com-
pared the germination of Encyclia adenocaula (La Llave & 
Lex.) Schltr. in three treatments based on MS, with 1 g/l 
charcoal, 10% banana extract and 10% coconut water, 
where the best medium was the one with charcoal, obtain-
ing 56.9% germination at 30 days, and the slowest was the 
banana extract with 23% germination at 59 days. In con-
trast, in this research, the best treatment was Phytamax™ 
to which 8.5% banana was added, and 9.3% germination 
was recorded at 90 days.
Starting an orchid production project is usually ex-
pensive due to the equipment that includes laboratory 
balance, laminar flow hood among others and supplies like 
PGR, such as auxins and citokinins, which are needed to 
propagate these plants. One way to lower production costs 
is to use organic supplements. Although the percentage of 
germination with the medium proposed here is low (9.3%), 
there are many seeds in the orchid capsules. As reported 
by Damon and Valle-Mora (2008), on average 17,709 seeds 
per capsule for E. crista-galli are found. In this case, the 
conservation program can be established with the seed-
lings obtained, these being sufficient.
Effect of sucrose vs. stevia as a carbon source
Few studies have been carried out on the effect of stevia on 
the in vitro development of plants; one of these is the one 
carried out by Taha et al. (2016), where they compared the 
implementation of a solution of Stevia rebaudiana Bertoni 
Table 2: In vitro development of Erycina  hyalinobulbon (La Llave & Lex.) 
N.H. Williams & M.W. Chase 90 days after the sowing in different carbon 
sources: sucrose vs. stevia.
Treatment Protocorm 1 Protocorm 2 Seedling 1 Seedling 2
Sucrose 150 0 0 0
Stevia 138 2 1 9
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leaves vs. sucrose and combinations of both. They obtained 
that with the use of stevia the multiplication and growth 
of Simmondsia chinensis C.K. Schneid. improved, but the 
combination of 20 g/l sucrose plus 7 ml stevia turned out to 
be better for the number of shoots and leaves and for the 
length of the shoot. Altamirano et al. (2017) carried out an 
investigation with the sweetener CANDEREL® stevia, using 
it as the carbon source for Cuitlauzina pendula Lex., con-
cluding that the inclusion of 10, 15, 20, 25 g/l CANDEREL® 
stevia or 25 g/l sucrose does not present significant diffe-
Figure 3: Development of Erycina hyalinobulbon (La Llave & Lex.) N.H. Williams & M.W. Chase in culture media: PhytamaxTM at 100% of its basal 
salts (Phyt), the subculture medium described by Chiu and Chang (2018) (Chiu), PhytamaxTM at 70% of its basal salts, plus 30% of the recommended 
concentration of Maxigrow (Maxi). A. Δ root size; B. Δ number of leaves; C. Δ number of sprouts; D. Δ bud size; E. Δ leave size; F. Δ number of roots. 
The different letter indicates significant differences with respect to the other treatments (p <0.05). The increment (∆) was calculated, with the 
difference of the final measurement minus the initial measurement.
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rences for the height measurements of the seedlings. In the 
present work N’Joy Stevia® was applied as a carbon source 
during the in vitro development process of E. hyalinobul-
bon in a concentration of 20 g/l vs. 20 g/l of sucrose, obtai-
ning better development with N’Joy Stevia® at 90 days after 
sowing. At 120 days after sowing, we observed results similar 
to those of Altamirano et al. (2017), since there are no signi-
ficant differences in the germination percentages. However, 
we recommend the use of N´Joy Stevia® as carbon source if 
the acceleration of the germination process is desired.
In vitro seedling development of E. hyalinobulbon
Chiu and Chang (2018) obtained a good development and 
the subsequent flowering of Erycina pusilla (L.) N.H. Wil-
liams & M.W. Chase. In this research where we compared 
the Chiu, Maxi and Phyt media, the latter was the medium 
that favored the development of E. hyalinobulbon roots. In 
the other variables, there were no significant differences in 
its growth between the implementation of the Chiu and Phyt 
medium, so that Phyt medium is recommended for the de-
velopment of E. hyalinobulbon, for promoting root develop-
ment, ease of preparation and low cost of inputs compared 
to Chiu. The Maxi medium was the one that presented the 
lowest development, so we do not recommend its use.
Conclusions
With this study, it was possible to develop an accessible in 
vitro propagation system for E. hyalinobulbon with the PhyB 
medium, which is a low-cost and easy to produce option 
for the in vitro development of this orchid. In addition, it 
is shown that sucrose can also be substituted by N’Joy Ste-
via® as a carbon source to accelerate its development. For a 
greater development of individuals the use of the Phyt me-
dium is recommended for being an easy medium to prepare 
and its lower initial cost compared to Chiu. As a continua-
tion of this work, it is suggested to investigate the combined 
use of stevia with sucrose for the germination and more ef-
ficient in vitro development of E. hyalinobulbon, also on dif-
ferent concentrations of the Phytamax™ medium combined 
with banana.
These results can contribute to an accessible man-
agement of E. hyalinobulbon in local human communities, 
and thus benefit its conservation.
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